Introduction
As part of a research project on how flipped learning (FL) affects adolescents' motivation to participate in physical education (PE) and their learning outcomes in PE, this article describes how FL affects motivation from an expectancy-value perspective. The study reported here took a student's perspective in analysing self-reported motivation to engage in PE. In what follows, after this introduction's discussion of 2 key concepts, the article describes the study's methods, presents the results of the research, discusses the implications of the results and closes with a conclusion and outline of recommendations for further research.
Worldwide, children tend to engage in sedentary lifestyles and thus insufficient levels of physical activity (World Health Organization [WHO], 2010 [WHO], , 2016 . PE plays an important role in the constellation of factors that affect levels of physical activity among children (Cheval, Courvoisier & Chanal, 2016; Cooper et al., 2016; Fröberg, Raustorp, Pagels, Larsson, & Boldemann, 2017) . Although motivation is strongly linked to learning in school (Hattie, 2009) , students' motivation to participate actively in PE is low and declines as students age (Gao, Lee & Harrison, 2008; Säfvenbom, Haugen & Bulie, 2014) , especially among girls (Säfvenbom et al., 2014; Thomas, Lee & Thomas, 2008) . For the first time, in 2012 the Norwegian national curriculum for PE recognised the concept of motivation by stating that, as a school subject, PE should "… help pupils acquire knowledge about exercise and training, lifestyle and health, and motivate them to have an active life and continue physical training into adulthood." (Norwegian Directorate for Education and Training, 2015, p. 2) . Such recognition calls for added focus on motivation to participate in PE among children and adolescents and how teachers can support and improve their motivation.
The WHO (2016) promotes the exploration of innovative approaches to promote physical activity among adolescents in their member states. In general, society benefits from PE given its contributions to encouraging students to actively participate in PE and engage in active, healthy lifestyles throughout their lives. However, to realise that potential, PE as a subject needs to develop content that is more relevant to its aims (Arnesen, Nilsen & Leirhaug, 2013; Moen, Westlie, Brattli, Bjørke & Vaktskjold, 2015) . For instance, the content of PE should encompass a variety of activities and skills (Rikard & Banville, 2006) , convey knowledge about physical activity, mobility and movement, and promote teamwork and competitive aspects of sport so that all children and adolescents can enjoy physical activity and gain from its health-related benefits, regardless of their preferences or previous experience (WHO, 2016) . However, the subject and its curriculum continue to endorse 'sportified' PE (Vlieghe, 2013 ) that seems to privilege boys (Engelsrud, 2015; Flintoff & Scraton, 2006; Klomsten, 2013; Klomsten, Marsh & Skaalvik, 2005; Valley & Graber, 2014) and adolescents who participate in competitive sports outside school (Säfvenbom et al., 2014) . Since motivation has declined as the use of traditional teaching methods persists, exploring other methods of teaching to expand the PE teacher's toolbox is both timely and necessary.
Flipped learning
FL is a pedagogical approach in which direct instruction gradually shifts from a group learning space to an individual learning space, which then becomes a dynamic, interactive learning environment in which educators guide students as they apply concepts and engage creatively in the subject matter (Flipped Learning Network [FLN] , 2014a).
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Using FL can help teachers approach their subjects from more holistic perspectives (Segolsson & Bäcklund, 2016) . Moreover, as observed across a range of subjects and student age groups, learning outcomes and levels of satisfaction have improved among students whose teachers have used FL (FLN, 2014b; Zainuddin & Halili, 2016) . In elementary schools, FL can cultivate better problem-solving skills among students (Segolsson & Bäcklund, 2016) and enhance students' self-efficacy and learning strategies (Lai & Hwang, 2016) . At the university level, when classes meet students' preferences for pre-class preparation via video instead of text-based modes (Long, Logan & Waugh, 2016) , their engagement in coursework has improved (Lumpkin & Achen, 2015; Thompson & Ayers, 2015) . FL can also benefit students with low performance as well as girls and women (Gross, Pietri, Anderson, MoyanoCamihort & Graham, 2015) . However, given the overly broad variety of interventions and research designs in FL, the effects (Bishop & Verleger, 2013) and effectiveness (Abeysekera & Dawson, 2015) of specific methods require additional investigation.
Flipped learning in physical education
In PE, FL could involve, for example, students' preparing for class at home by watching a video about the next class topic-for instance, strength training. In FL, the video would consist of the teacher's explanation and demonstration of strength training, as well as an explanation of physiological changes that occur when you become stronger and how the changes affect personal health. Thereafter, the video would likely shift to explaining the content and activities of the next class and pose questions about the content of the video. At the beginning of class, students would therefore already know what they have to do for that class and even commence activities without needing their teacher's instructions. During the lesson, students could talk about strength training in light of content presented in the video both among themselves and with the teacher. The class would likely conclude with students' presenting explanation of the key topics related to strength training. Killian, Trendowski, and Woods (2016) have reported that flipping content in university PE classes affords positive outcomes because it expands time spent on practical activities and extends feedback from instructors. In secondary-school PE classes, FL can benefit individualisation when applied to teach learning skills during orientation activities (García, Castro & Morales, 2015) . In other research, despite PE teachers' use of an FL model to introduce students to the rules of unfamiliar games (Bergmann & Sams, 2014) , evidence of the model's impact remains unclear, as does its effects. Nevertheless, in general, researchers have called for more innovative teaching methods in PE (Zhang, 2016) , and FL continues to rank among the possible responses (Zainuddin & Halili, 2016; Østerlie, 2016) .
Several pedagogical modes that focus on student-centred activities have gradually replaced the traditional so-called 'demonstrate-explain-practice' method in PE. Those modes (e.g. sport education, teaching games for understanding, cooperative 4 learning) all promote interaction and reflection among students during practical PE activities, and studies have investigated those behaviours among teachers and students in PE classes as they work together (e.g. Darnis & Lafont, 2015) . Although such research has demonstrated positive results in terms of learning outcomes and student-teacher social relationships, additional investigations remain necessary (Barker, Wallhead & Quennerstedt, 2016) .
FL ranks high among teaching modes that promote interaction and more on-topic conversations among students because they arrive better prepared for class with an increased level of knowledge and understanding about the lesson's topic and activities. FL also facilitates student-centred activities (Heinerichs, Pazzaglia & Gilboy, 2016) because students' preparation before class reduces the time spent on explanation and instruction in the classroom.
Expectancy-value theory
In educational research, expectancy beliefs (EBs) and subjective task values (STVs) are considered to be important predictors of students' academic performance and behaviour (Eccles, 1983; Eccles & Wigfield, 1995) . From the other direction, students' achievement and performance are directly influenced by their EBs and STVs (Eccles, 1983; Wigfield & Eccles, 2000) . EBs are conceived as broad beliefs about personal competence in a given domain (Zhu, Sun, Chen & Ennis, 2012) , among which expectancy of success refers to beliefs about how well the person will perform on a given task. Expectancy of success functions as an independent motivational factor independent of the motivational factor of STVs, as Eccles & Wigfield (1995) have indicated. According to Eccles (1983) , there are four task values attached to a certain domain: attainment value (AV), intrinsic and interest value (IV), utility value (UV) and cost. AV is a person's perceived importance of doing well on a task; IV is the level of enjoyment that a person perceives doing a task will offer; and UV is how the perceived usefulness in doing a task relates to current and future personal goals . Arguably, EBs and STVs bear a more direct impact on learning behaviour and achievement than other motivation constructs, including self-efficacy and achievement goal orientation (A. Chen, Martin, Ennis & Sun, 2008) .
Expectancy-value theory and physical education
Expectancy-value theory is an important theoretical lens with which to examine and understand student learning and motivation in PE (Gao, 2009; Zhu et al., 2012) . Motivation is associated with students' intentions to perform, engage in and participate in PE (Xiang, McBride, & Bruene, 2004 , 2006 , but not necessarily with learning achievement (Zhu & Chen, 2010) . Regarding gender-based differences in EBs and STVs in PE, boys tend to have higher EBs than girls, although the same 5 differences do not characterise their STVs (Gao, 2009; Xiang, McBride & Bruene, 2004; Xiang et al., 2006; Xiang, McBride, Guan & Solmon, 2003) .
Research has shown that students' general expectancy-value motivation declines with age throughout their elementary, middle and secondary school career in academic subjects, especially PE, for both boys and girls (Eccles, Wigfield, Harold, & Blumenfeld, 1993; Jacobs, Lanza, Osgood, Eccles & Wigfield, 2002; Xiang et al., 2006; Xiang, McBride & Guan, 2004) . Although age has recently been observed to explain STVs, it has not been shown to affect EBs. Moreover, in primary and middle school, although STVs decline, EBs do not (Zhu & Chen, 2010; Zhu et al., 2012) .
Identifying adolescents' motivational dynamics in relation to their participation in PE might be a vital resource for facilitating PE learning and preventing further declines in students' motivation. In response, the goal of the study reported here was to determine whether using FL as a teaching method affects student motivation to participate in PE based on their EBs and STVs for the subject. To that end, two research questions emerged:
Q1: Can flipped learning enhance adolescents' expectancy beliefs in physical education?
Q2: Can flipped learning enhance adolescents' subjective task values in physical education?
Methods
Participants Students (N = 338, 92.9% of 364 invited) from six different secondary and uppersecondary schools were recruited to participate in present study. Twenty random schools belonging to three different regions in Norway were requested to participate by an e-mail to their respective managers resulting in participation of five schools. One school was included by their own request. The six schools that participated represented both rural and central communities with a normal distribution of immigrants and social status.
Demographic variables
Self-reported information on sex, date of birth and name was obtained from the expectancy-value questionnaire (EVQ) to characterise the sample. Girls (n = 153) had a mean age of 15.26 years (SD = 1.3), whereas boys (n = 185) had a mean age of 15.01 years (SD = 1.12). Participants were from four different levels in the Norwegian school system: the three grades of secondary school and the initial grade in upper-secondary school-that is, Grade 8 (n = 114), Grade 9 (n = 101), Grade 10 (n = 38) and VG1 (n = 85). The students' academic marks (girls: 4.45, boys: 4.48) during the same semester reflected the national average for Grade 10 (girls: 4.5, boys: 4.6), according to Statistics Norway (2016).
Research design
An intervention designed as a quasi-experimental randomised trial with a control group was conducted during a 3-week period during the 2016 spring semester. Since different classes were used in the intervention and compared with control groups, the experiment posed the possibility of selection bias, but also afforded the advantage of comparing naturally occurring events (Hartas, 2010) .
Three learning resources dealing with endurance, strength and coordination were used, each of which consisted of a video assigned to students to watch as homework before class, an in-class lesson plan that the PE teacher followed and a teacher's guide. To maximise equivalence among the classes all teachers were instructed by the researcher, by telephone, regarding how to conduct the different activities.
The videos lasted approximately 12 minutes each, which was well within the suggested length for FL videos (Long et al., 2016) , and were published on a digital learning platform. Each video gave a thorough, but easily understandable introduction to the content of the in-class topic. For example, when strength was the weekly topic, the video explained strength in an age-appropriate way by discussing why strength benefits personal health, what happens in the body when strength is gained and how to train for strength. Each video ended with a summary of the content of the next class. Short quizzes embedded in the videos were used to enhance students' motivation to continue watching and to deepen their understanding, as suggested by Long et al. (2016) and Frydenberg (2012) . The research group and the teachers could view statistics on the platform to monitor which students have watched which videos and their answers on the corresponding quizzes.
Since no framework for FL environments has been established to date (Bishop & Verleger, 2013) , the design of the study's FL environment followed the recommendations of Kim, Kim, Khera, and Getman (2014) , who defined nine principles for flipped classrooms and the FLIPPED model (Y. Chen, Wang, Kinshuk & Chen, 2014) . The content in practical lessons were game-based activities with few parallels to sport but instead a focus on enjoyment and cooperation during PE. Topics for discussions between students and between the teacher and students were encouraged and increasingly held as the teacher spent less time explaining and became freer to walk among the students. Learning goals in the practical class about endurance included being physically active to develop the body and improve health, talking about endurance training and talking about the connection between endurance and health. In the other two practical classes, the aims were similar but with a different topic and derived from the national curriculum in PE after Grade 10 (Norwegian Directorate for Education and Training, 2015) .
Participating classes were randomly divided into two categories. The intervention group (n = 141) had access to the videos as homework before coming to class, and the control group (n = 197) was subjected to the same practical class as the 7 intervention group. To represent the conventional methods of conducting PE classes in Norway as realistically as possible, some of the control groups received a summary of the class topic and of what the videos watched in the intervention groups explained, delivered orally by the PE teacher at the beginning of each PE class and typically lasting about 5 minutes. Some control groups conducted the practical class without any oral explanation of the topic. Both the intervention and control groups performed the same practical activities in class. The control groups were educated during the intervention period according to the traditional way of conducting PE classes in Norway, which ensured that the sole difference was that the intervention group had access to the videos for preparation before class. The control group was not granted such access. As research has shown, although the link between the video content and content of in-class activities is essential to success in FL environments, it is often overlooked (Long et al., 2016) . In response, the videos and lesson plan were produced by the researcher, not each individual teacher.
Before the intervention commenced (T1) and at its conclusion (T2), students' motivation for participating in PE was measured with an EVQ. The students' PE teachers administered and collected the self-report questionnaires as instructed by the researcher. The study was reported to the Norwegian Centre for Research Data (project no. 47604).
Variables and measures

Expectancy-value constructs:
The EVQ consists of 11 items on four sub-scales. Five items measure EBs and six measure STVs on three sub-scales: AV, IV and UV (Zhu et al., 2012) . Responses to all items are submitted on a 5-point Likert scale (1 = not important, 5 = very important). A sample item used to measure student AV is, 'How important do you think PE is for you?'
The EVQ measures students' EBs and STVs of the domain content and can be used to measure expectancy-value constructs in PE for both middle-school and elementary students (Zhu et al., 2012) with good construct validity and internal reliability (Zhu et al., 2012) . It has also shown satisfactory validity and reliability in measuring EBs and STVs for PE among Norwegian adolescents (Østerlie, Løhre & Haugan, in press ).
Data reduction
Responses to items on the EVQ were entered into the Statistical Package for the Social Sciences version 24 and reduced into EBs and STVs dimensions (i.e. AV, IV and UV). Analysis was performed both on the EVQ as a two-dimensional (i.e. EB and STV) and four-dimensional reduction (i.e. EB, AV, IV and UV), since the dimensionality of the EVQ has been shown to be unclear (Østerlie et al., in press ).
Data analysis
Initially, the dataset was cleaned and screened for missing data, out-of-range values, outliers and sample distribution normality. A missing values analysis was performed on the dataset, and the result of Little's MCAR test was not significant when all items were tested together (χ 2 (520) = 511.94, p = .161). Since each item had between 7.4 and 14.5% of data missing, the missing values, as unneglectable values, could not be replaced at a limit of 2%. Since data were assumed to be missing completely at random by Little's test, analysis was continued. Gaps in the data perhaps stemmed from the fact that the T1 and T2 forms were completed at school on specific dates. Absence from school would have prompted a lack of response from some students at either T1 or T2. Formal normality tests showed values of skewness and kurtosis within the normal range for all constructs ( < |1.4|), with a normal range of < |2| (West, Finch & Curran, 1995) . Accordingly, data were regarded fit for testing and comparing means. Any p value less than .05 was considered to be statistically significant.
A paired samples t test, with list-wise exclusion, was used to identify any significant change in mean score from T1 to T2 for both the intervention and control groups and between genders in the intervention group. A t test (i.e. analysis of variance) was used to identify any significant differences between the intervention and control groups at either T1 or at T2 for any dimension of the EVQ. Pearson's correlation coefficient was computed to assess the relationship between the EVQ and the age of students. Table 1 Note. T1 = measurement before intervention period; T2 = measurement after intervention period; EB = Expectancy belief; STV = subjective task value; AV = attainment value; IV = intrinsic value; UV = utility value a = significant change from T1 to T2 (p < .05); b = significant difference between the intervention group and the control group (p < .05); bb = significant difference between the intervention group and the control group (p < .01).
Results
Results from the EVQ
9
In the intervention group, gender-based differences were clear, as presented in Table 2 .
The paired-sample t test revealed a significant increase from T1 to T2 for the EB construct (p = .045, 95% CI [0.30, 0.00]) and the AV construct (p = .016, 95% CI [0.37, 0.04]) among girls. No significant changes emerged among boys in any of the EVQ constructs. The boys had significantly higher scores on the EB construct, but not on the other constructs, at both T1 and T2.
Since several studies have found that EB and STV decline with age, that dynamic was also tested at T1 with the results of a Pearson's correlation coefficient test with two-tailed, pairwise exclusion, the results of which showed that age correlated with STVs (n = 286, r = -.251, p < .001), but not EBs (n = 302, r = -.032, p = .584).
Discussion
Flipped learning and students' expectancy beliefs about physical education Results show that FL had a significant impact on students' EBs. In the intervention group, that change emerged among girls, but to only a weakly significant degree. Similar to previous research (e.g. Gao, 2009 ), initial EBs were on the same level and demonstrated the same variations in gender. Boys had significantly higher EBs than girls both at T1 and T2. Using the definition of expectancies as specific beliefs that individuals have regarding their success on tasks that they will perform sooner or later in the future in traditional PE settings, girls have shown lower final grades (Statistics Norway, 2016) , less motivation and less satisfaction (Klomsten et al., 2005; Stormoen, Urke, Tjomsland, Wold & Diseth, 2016; Säfvenbom et al., 2014) .
The intervention included three lessons on endurance, strength and coordination. Practical lessons involved activities with few elements from sports or competition. Gender-based differences often appear in conventionally gendered activities in which boys have been more likely to feel competent about and perform better on tasks such as football and basketball than girls have, whereas girls have tended to Note. T1 = measurement before intervention period; T2 = measurement after intervention period; EB = expectancy belief; STV = subjective task value; AV = attainment value; IV = intrinsic value; UV = utility valuea = significant change from T1 to T2 (p < .05); b = significant difference between girls and boys (p < .05)
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feel more competent and perform better on tasks such as dance and gymnastics than boys have (Xiang et al., 2006) . However, those trends alone cannot explain the difference detected in the study reported here, since both the intervention and control groups performed the same activities. The chief difference and thus the chief contributor to the effect on EBs using FL seems to be the videos assigned as homework, which conveyed information about the activities in the upcoming class. In class, such content was briefly repeated by the teacher and discussed among students. The shift in amount of information prior to class, being somewhat different than that of their typical experiences, can explain why girls showed significantly increased EBs, but not the boys. The intervention period, having included only three lessons, could have prompted possible bias, which bears consideration during the interpretation of results. Would this shift among girls' expectancy beliefs stabilise, increase or decrease if FL were used over a longer period of time? At least one study has demonstrated the importance of information to students, who are more likely to engage in class when they understand and believe in the subject matter (Dyson, 2006) . PE is a subject in which a lack of competence is far more visible than in most other school subjects, since the primary tool in the learning process is the body. That circumstance might explain why girls have lower EBs, as the content in PE is culturally assumed to be somewhat more beneficial to boys than to girls (e.g. Engelsrud, 2015) . Regarding mathematics education, Lai and Hwang (2016) found that FL enhanced elementary-school students' self-efficacy by promoting more self-regulated learning processes. That result implies that PE curriculum could also be more directed at boys than girls compared to mathematics, since those authors did not detect similar differences by gender. By extension, the finding could explain why girls benefitted more from FL in PE than boys did in the study reported here. When individuals are informed about how to perform a task, they tend to have more confidence that they can succeed in performing the task. Historically, girls have been seen as problematic in PE because they do not engage as much as boys do (Enright & O'Sullivan, 2010) . Of course, researchers have increasingly challenged that discourse of blame, and the study reported here supports the idea that teachers need to reconsider PE content and its delivery more than simply demanding girls to change.
Age does not seem to explain students' EBs in PE. Empirical results show that EBs did not negatively correlate with age to a significant degree. That finding supports Zhu et al.'s (2012) and Gao's (2009) results among elementary-and middle-school students. Furthermore, the rather low n among students in Grade 10 could have prompted possible bias, which bears consideration during the interpretation of results.
Flipped learning and students' subjective task values of physical education
Interpreting results from the EVQ can follow one of two approaches -namely, imposing either a two-or four-dimensional construct -since its dimensionality is somewhat blurred (Xiang et al., 2003; Østerlie et al., in press ).
When comparing the intervention group to the control group, significant differences regarding STVs as a dimension were not observed, which corroborates earlier findings among middle-school students (Gao, 2009; Xiang, McBride & Bruene, 2004; Xiang et al., 2006; Xiang et al., 2003) . When considering the different dimensions involving STVs, a significant, albeit weak, difference regarding the students' attainment value for PE surfaced, but only among girls. Attainment value is a person's perceived importance of doing well on a task as it relates to how their self-conception and ideals inform their competence in the domain (Wigfield, 1994) .
Considering the videos' content the importance of being familiar with the context of activities conducted, knowledge about the curriculum and activities, as well as recognised competence seems to be a motivator for participation. These findings align with earlier research that has stressed the importance of emphasising the value of PE by informing students about the benefits of each PE activity prior to its performance (Gao et al., 2008) can greatly motivate students to participate in PE, especially girls (Inchley, Kirby & Currie, 2011) . Since those factors seem to positively affect gender variations in PE, FL is arguably an effective facilitator of that process. Previous research has unsurprisingly shown inconsistency in conclusions about gender-based differences regarding STVs (Gao et al., 2008) . Gao (2009) has reported gender-based differences regarding interest, but not regarding usefulness and importance, whereas no gender-based differences regarding task values have been observed in other studies (e.g. Xiang et al., 2006) . Such inconsistency underscores the need for more research on gender-based differences and student motivation in PE in elementary, middle and secondary schools.
Age seems to explain STVs in PE, which declined over the course of secondary school in the results. That finding corroborates the results of Wigfield et al. (1997) , Zhu et al. (2012) and Zhu and Chen (2010) , who detected the same trend among children in elementary and middle school. That decline also emerged in a 12-year longitudinal study (Jacobs et al., 2002) . As expectancy-value theory describes (Wigfield & Eccles, 2000) , it is exceptionally difficult for students to value the content of a subject without deeper learning. The more explicitly that the values of an assignment are explained, the more likely students will become engaged in the assignment and remain motivated to further their study of the content area (Paris, Lipson & Wixson, 1983; Wigfield, 2000) . Accordingly, increased focus on in-depth learning in PE is a valuable approach and should include knowledge, physical literacy and social skills. FL is a tool that PE teachers can use to increase the depth of learning because it requires students to prepare before class by watching curriculum-related content, their knowledge of which is further constructed in class with other students and their teacher, which could contribute to curbing the decline in students' valuations of PE.
Strengths and limitations
The sample of 338 adolescents (response rate 93%) from six schools in three counties in Norway was a major strength of the study. The sample represented a diversity of locations in both urban and rural areas, thereby reflecting the general adolescent population in Norway. Moreover, the students' semester marks corresponded with the national average grade for the actual semester, which indicated that the sample did not differ from the general Norwegian adolescent population in terms of academic performance. Plus, PE teachers administered data collection at the start of a PE lesson, which ensured participant anonymity and enough time for participants to complete the questionnaire. The procedure of using a familiar questionnaire administrator in familiar surroundings contributed to students' feeling comfortable in the assessment situation and, in turn, generated reliable data, which was another strength of the study.
Nevertheless, some limitations should be taken into consideration. Since the sample included adolescents 13-17 years old, its results cannot be generalised to younger children or older adolescents. The intervention period, which spanned only three sessions, and the low n among Grade 10 students and subgroups (Table 2) could have been other limitations. Lastly, the study did not present strong significance in much of the statistical results, and when interpreting interviews from such a small sample, generalisability must be considered as a limitation.
Conclusions
The study reported here has shown that flipped learning (FL) increases expectancybeliefs and attainment values among students regarding physical education. FL can thus benefit adolescents' motivation to participate in PE. As discussed, FL seems to benefit girls more than boys in PE settings and can therefore be an important contributor for equalising gender-based differences in PE. The study has provided additionally, an observed decline in STVs, but not in EBs, among students from elementary to secondary school. In sum, FL is an appropriate pedagogical approach in PE for deeper learning and can contribute to halting the decline in children's valuation of PE.
Future research should further identify and examine FL practices and the impact that the method can have in PE, both in a broader context and longitudinally. Furthermore, research on both general motivation in PE and gender-based differences in that motivation is necessary. Since motivation is linked to learning and a strong predictor of behaviour, more research on how to preserve and enhance children's motivation to participate in PE is important.
